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INTRODUCTION

In December of 1973 and January of 1974, Turbo-Three Corporation submitted to NASA un-
solicited proposals for an aircraft which was conceived for the primary purpose of air dropping and
transporting the Space Shuttle Orbiter. As a result of these proposals, and discussions held with NASA
personnel, Turbo-Three Corporation was requested to conduct further study of the feasibility of its
proposed concept.

In the preparation of this study, Turbo-Three Corporation contracted with other firms and
individuals to assist in areas of engineering, manufacturing concepts, testing procedures, and for
artists’ conceptual services. The results of the various studies and artists’ portrayals of the aircraft,

.and manufacturing and operational concepts are presented in this study, with the exception of the
complete engineering analysis. These data are voluminous and would make this presentation too
cumbersome and burdensome for easy reading if presented here in their entirety, therefore, engineer-
ing calculations and other technical data are being submitted in the form of an appendix to this study.

In a further effort to keep this presentation brief and at the same time reasonably comprehen-
sive and understandable, we have assumed to be correct the old adage of, “‘one picture is worth a
thousand words”, and, therefore, have relied heavily on drawings and artist’s conceptions. We are
confident that this type of presentation will greatly reduce reading time, which should be appre-
ciated by the readers.






AIRCRAFT CONCEPT AND DESCRIPTION

CONCEPT
In our original proposal, we presented a concept for a hybrid aircraft which combined lighter-
than-air and conventional airfoil aerodynamics. Further study, giving particular consideration to the
requirement for capability for high altitude operations, revealed that this concept was not feasible
with present day technology for the control of helium. Therefore, in January of this year, we sub-
mitted to NASA an amended proposal describing a more conventional aircraft which is the subject
of this study. i
The basic concept was to design an aircraft which would have the capability of performing the
mission requirements using proven and accepted engineering and construction techniques and in-
corporating already manufactured components wherever possible. Primary requirements, which were
considered, included the capability to:
1. Safely drop the Orbiter from an altitude of approximately 35,000 feet.
2. Transport the Orbiter coast to coast non-stop, or from the Hawaiian Islands to the west
coast of the United States. ‘
3. Operate from normal jet runways (150 feet wide, 6,000 feet long) with no special air
field requirements, other than perhaps widening of some taxiways or providing turning and
and loading pad locations.
Highly desirable features, which are considered as secondary, included the capability of:
1. Transportation of the external tank (ET).
2. Transportation of two solid rocket booster {SRB) cases.
3. Transportation of other out-sized hardware supporting the Shuttle or other government
programs.
4. Air dropping of the orbiter from 40,000 feet or higher.
With these requirements and secondary features in mind, we have improved our original
concept and believe that the aircraft described herein is ideally configured and capable of performing
all of the missions listed above. g
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DESCRIPTION

The proposed concept is a four engined, high winged aircraft with dual, slab-sided
fuselages and twin tail booms and vertical tail surfaces.

As noted in the concept, we first examined all available aircraft which might be used as
a base from which to build our proposed aircraft, placing particular emphasis on being able to
utilize an existing cockpit and landing gear. The cockpit and landing gear, including gear actuating
systems, wheel wells and doors, are extremely expensive sections in aircraft engineering and con-
struction. Our investigation disclosed that the B-52 provided an ideal platform for our requirements—
almost as if it had been designed for the project. The cockpit of the B-52 can be readily configured
for a three man flight crew operation with comfortable rest quarters for additional crew members
when required. The cockpit on the right fuselage would provide comfortable, pressurized, air-
conditioned quarters for technical personnel and cargo monitoring instrumentation, which might
be required for any particular mission.

The landing gear is rugged and has a highly unique, well proven system for pre-setting the
longitudinal angularity for cross-wind landings. While the weight of our aircraft would not require
more than a standard B-52 landing gear on each fuselage, we have added a third set of four wheels
to each fuselage. As previously stated, these extra gear are not to meet aircraft structural requirements,
but are merely for the purpose of distributing loads in order to minimize runway restricitons. With
24 wheels, the Virtus would be capable of operating from a dirt strip.

Our aerodynamic performance studies have been based on power plants providing a total of
160,000 pounds of thrust available for take-off. With this amount of thrust, the aircraft could utilize
any of the present day large fan-jet engines, de-rated to 40,000 pounds each. Higher thrust engines,
or the use of one or two extra engines for the air drop missions, would enable the Virtus to attain a
drop altitude of 40,000 feet or higher, restricted only by mach limitation of the Virtus airfoil.

The remainder of the aircraft structure and systems are conventional and will utilize off-the-shelf
hardware wherever possible. |

There is a large cargo compartment in each B-52 fuselage for carrying various support
equipment.

There are telescoping, retractable stands built into the wings to enable routine engine
inspection without requiring ground maintenance stands. Also incorporated would be a traveling
hoist on a rail extending between the outboard engines. This would enable lowering and raising
of an engine Q.E.C. (quick engine change) to and from ground level, without requiring ground
support equipment. There would be a stand-up head room passageway from wing tip to wing tip
for ease of inspection and maintenance.

The design incorporates an elevator located in the fuselage pylon section or stairways in
the front ends of these sections to facilitate access to the wing center section from.the B-52
fuselage. This would also make it possible, while the requirements would be remote, for personnel
to move from one fuselage to the other during flight, using walk-around oxygen bottles and
employing the ‘buddy system’ for safety.



ENGINEERING STUDY

The engineering information presented here is a summary of the results of a study performed
by Consulting Aerospace Engineers (C.A.E.) of Burbank, California. As mentioned in the Introduction,
this manual would have been far too cumbersome had all of the calculations and data used to arrive
at this summary been included. Therefore, these data and calculations are presented in an appendix to
this study.

In addition to this study, we have had another outside consultant perform a brief investiga-
tion of the C.A.E. weight estimates. This study was performed without the knowledge of C.A.E. The
results of this independent study confirm the weight estimates of C.A.E. and are available for inspec-
tion upon request. '

There was also a brief wind tunnel study conducted by Langley Research Center. The purpose
of this study was primarily to investigate possible aerodynamic interference between the Orbiter and
the Virtus. No problem areas were detected in the course of this investigation and a larger tunnel
model is now under construction. Results of the study using this larger model will produce much more
meaningful and useful data.






DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

WESTERN REGION

P. 0. BOX 92007, WORLDWAY POSTAL CENTER
LOS ANGELES. CALIFORNIA 90008

April 2, 1974 3

Mr. Jack Conroy

. President, Conroy Aircraft Corporation
P, 0. Box F
Goleta, California 93017

Dear Mr. Conroy:

The purpose of this letter is to define the meeting that was held
on February 21, 197L relative to the proposed VIRTUS airplane
program. The subject meeting was attended by Mr. Jack Conroy,
accompanied by Mr. A. M. Kaplan, members of my staff, my assistant
and me. The members of my staff who attended were the program
branch chiefs from the Airframe, Systems & Equipment, Propulsion
and Flight Test areas, as well as my staff coordinator for techni-
cal assistance.

We appreciated the opportunity to review the VIRTUS program and
discussed FAA participation to assist in meking engineering find-

ings relative to the applicable Federal Aviation Regulations. We
stated at that time that it would seem appropriate that this

Division would provide such assistance as would be necessary in

the same manner as was previously done in the "Super Guppy" program.
That is to say that we would not necessarily work towards an ob-
jective of certification, but we would meke findings in that regard.
This participation would be predicated on NASA, through our Washington
Headquarters, providing the appropriate request for this assistance.

We would be pleased to discuss this matter with you further at your
convenience.

Sincerely,

R, S. SLIFF
Chief, Aircr

ineering Division
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INTRODUCTION

Engineering calculations, detailed analysis and other supporting
data for the Virtus Study are found in Consulting Aerospace Engineers,
Report No. TT-2. Addendum to Feasibility Study Virtus, dated April, 1974.
The summary presented here is a condensation of the above TT-2 Report

with emphasis on the salient features and objectives of the Virtus design.

The TT-2 Report confirmse tﬁe feasibility of the Virtus airplane as
an air launch and air transportation vehicle for the NASA Space Shuttle
Orbiter. The Virtus is a special purpose air vehicle designed to transport
the Orbiter and other Shuttle major assemblies as required. It is a dual
fuselage, twin boom and twin vertical tail configured aircraft. The pay-
load 18 carried externally below the wing between the two fuselages. The
fuselages are modified B52 airframes joined by slab-sided pylons to a zero
sveep, zero dihedral, constant section wing with a 450 foot span. Refersnce
should be made to the basic drawings listed on Page for further con-

figuration information.

The Virtus Aircraft will cruise at a maximum of ‘300 MPH (261 kts)
have a ceiling of 35,000 ft. and a maximum range of 3;000 miles. The
maximum payload is 375,000 1lbs. (475,000 lbs, useful), with a maximum
gross take-off weight of 850,000 1lbs. The four power plants are JT9D-3A
(Pratt and Whitney) developing a total thrust (derated) of 160,000 1bs.
‘Other new generation large fan jet engines will also be considered in the

final selection.
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A AIRCRAFT DESIGN ENGINEERING

The Virtus aircraft design was configured in accordance with the
design criteria presented on the following pages of this section and
is reflected in the engineering drawings listed on the next page.
These design criteria are campatible with a performance envelope that
satisfies the mission spectrum and concurs with minimum program costs,

materials availability, produceability and other influencing factors.

Materials and hardware selection, systems applications and
manufacturing requirements are in keeping with FAA regulations, MIL

specifications and good commercial practices.
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DRAWING LIST
TITLE DRAWING NO,
1, GENERAL ARRANGEMENT
Three View VIRTUS NASA ‘ TT61160 Sheet 2

2, WING ASSEMBLY Sheet 2

3. VERTICAL & HORIZONTAL STABILIZER ASSEMBLY Sheet 3

4. PYLON, BOOM AND FUSELAGE ASSEMBLY Sheet 4

5, SIDE VIEW STRUCTURAL ASSEMBLY Sheet 5

6. MANUFACTURING BREAKDOWN OR MAJOR COMPONENTS TI61161 Sheet 1

7. STRUCTURAL ARRANGEMENTS ‘Sheet 2

NOTE: The above list of drawings are not included in this summary
but’ are for reference only and will be found in the CAE
-REPORT TT-2 Appendix,
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Misaion Criteria

The basic mission criteria of the Virtus aircraft 1is to

serve as an air launch and transportation system for the NASA Space

Shuttle Orbiter and as a transportation air vehicle for any other

designated sub-system of the Shuttle Program.

Configuration Criteria

Dimensions, external

length overall
height overall
wing span
wing chord
aspect ratio

Areas
Wing
Flaps
Horizontal Stab
Vertical Stabil
Weights
Empty
Maximum Payload
Maximum Take-of
Wing Airfoil

Landing Gear

275
100
450

50

ft.
ft.
ft.
ft.

9tol

22,300
2,595
4,640
5,408

ilizer
izers

375,000
375,000
f 850,000

ft.2
ft.2
ft.
ft.

1bs.
1bs.
1bs.

NASA (GA (W)-1; .3C Fowler flap

Retractable B-52 24 wheel (12 dual wheels)

Nose wheel steerable, cross-wind correctable
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Performance Criteria
Power Plant
4 Pratt & Whitney JT9D-3A turbo fan engines
or any of the new generation large fan engines

Take-off (derated) total thrust 160,000 1bs.

S

Service ceiling-Orbiter

Launch mission

Cruising speed @ 35,000 ft.

Maximum range-Orbiter payload with 2 hours
reserve 2,800 miles

Gross weight take-off distance

(over a 50 ft. obstacle) 6,400 ft.
Maximum cruise speed 300 mph
(260 knots)

Maximum range 3,000 miles
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A AIRCRAFT DESIGN ENGINEERING

Miscellaneous Systems

All miscellaneous mechanical, electrical, hydraulic, etc.
systems will be conventional in concept and hardware selection.

This 1is obviously so for economic and operational advantages.

Actuators, pumps, motors, valves, etc. will be shelf items
wherever possible. Attempts will be made to extract complete systems
wherever feasible from existing airplanes in order to achieve optimum

economy and maintainability.

The following systems will be among those provided in the

manner indicated above:

400V AC & 28V DC Electrical Power
3000 PSI hydraulic supply
Pressurization & air conditioning
Engine self start

Flight instrumentation

Fuel managemant

Defog and anti ice
Auxiliary power unit
Avionics

Others.
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B _AIRCRAFT STRESS ANALYSIS

The stress analysis of the Virtus airframe was performed in accordance

with FAR VOL. III, Part 25.

were run on all major components and joints of the airframe.

Using loads derived in this manner,analyses

margins were obtained in all cases.

Positive

The following paragraphs in this section discuss some of the details

of the various major assembly and joint analyses. Allowable stresses

other material properties are per MIL Handbook 5B.

and

Detail analysis methods

are per the CAE stress memos and the established aerospace texts such as

Bruhn, Roarke, Timoshenko, etc.

All primary structure in the Virtus airframe is designed Fail-Safe.

Generally, this requirement is satisfied by the existence of alternate

load paths. As an example, if a spar cap should fail in the wing or

empennage, the remaining continuous structure in the box must be capable

of cafrying limit load without the aid of the failed cap.

All primary

structure was analyzed in this manner and positive margins were achieved

for the fail-safe condition.

Basic Loads

The wing loads are computed by the method prescribed

in FAR 25.337 (b). The loading is trapogzoidal over the 450 ft.

span. Three conditions were investigated namely, up bending at

maximum gross weight, up bending at zero fuel weight and down

bending in landing.
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B Airplane Stress Analysis

Basic Loads (continued)

The tail loads were arrived at as extrapolations from
the Super Guppy tail loads. The rationale being that the
Virtus is near similar in speed, size, weight and maneuver-

ability.

Wing

The wing 18 analyzed as a typical skin stringer con-
struction with three spar. The spar caps are milled 7075-T6
aluminum alloy. The webs are stiffened with riveted on stiffeners.
The wing ribs are trussed with extruded chord members and cruciform
extruded diagonals. All wing material is 7075-T6. The wing
stringers are formed hat sections. The skins vary uniformly in

thickness to optimize weight reduction. All fuel is carried

in the outer wings for inertia relief. Ribs are spaced 4 ft. on

center at the root and 8 ft. at the tip. Stringers are 10 in. on
center. Spars are 150 inches on center. The skins at the root
are .250 inches thick and taper to .032 7075-T6 aluminum clad

sheet at the tip.

Empennage
The general mode of construction of the empennage is similar

to the wing. The material is all 7075-T6 Aluminum Alloy.
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B Aircraft Stress Analysis

Empennage (continued)

The vertical stabilizer box structure is a three spar
arrangement with each spar tied in tension to Bathtub fittings
which shear tie to frames in the boom. Ribs are spaced 3 feet
on center and stringers 10 inches apart for both the horizontal

and vertical stabilizer.

The vertical box 1is analyzed as a beam column combining
air load, horizontal surface end moments (with partial fixity)
and the vertical loads. The horizontal stabilizer spars are
150 inches apart and mate with the vertical stabilizer beams

through machined fittings.

‘Fuselagg and Pylon

The twin fuselages are B52 airframes modified to adapt to
the twin pylons and to contain three B52 main landing gear
assemblies each. The forward 100 ft. of the fuselage 18 nearly
identical in structural configuration to the existing B52

airframe

The two fuselage ﬁylons contain three main vertical beams
each, coplanar respectively with the three wing spars. The
pylon beam caps extend up through the wing lower surface to form
a shear tie with each respective wing spar for the full wing

depth. The pylon transfers loads from the fuselage and boom to
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B Aircraft Stress Analysis

Fuselage and Pylon (continued)

the wing. Hat section stringers spaced 10 inches on center
run fore and aft throughout the pylon structure and are riveted
to the skin panels. Intermediate frames are used to optimize
panel size. Panels have been analyzed as shear resistant in
areas of high shear transfer and as tension field in the lower
pylon region. Pylon skin thickness will vary from .250 inches
at the wing attach area down to .051 7075-T6 aluminum clad

sheet in the lower region at the fuselage attach area.

Landing Gear

The main landing gear arrangements for each fuselage will

be similar to the B52 configuration with one exception that

being the addition ef a third identical gear aft of the second

main gear. Thus each fuselage will have three identical main

landing gears in line as shown on Drawing No. TT61160 Sheet 1.

Substantiation of this arrangement will be based on confirming

the critical loading on any given landing gear as being no more

severe than the environment it now sees on the B52 airplane.




PREPARED i savt . . PAGE
4-11-74 IComulung Aerospace Engineers, Inc.
CHECKED MODEL
III ENGINEERING STUDY VIRTUS
APPROVED .a. TT—Z

B Aircraft Stress Analysis (continued)

Boom

The twin booms transmit the empennage load to the wing
through the upper portion of the fuselage pylon. The booms
are rectangular in cross section f144 inches high by 120 inches
wide) with milled longerons in each corner. Stringers are
10 inches on center and are formed hat sections. Skins vary
from .188 inches to approximately .050 7075-T6 clad. Frames
are spaced at seven feet on center. All material is 7075-T6

aluminum alloy.

Control Surfaces and Wing Trailing Edge

Corrugated skins are employed in portions of the control
surfaces and wing trailing edge. This allows skin panels in
some areas to run as low as .016 thick 7075-T6 aluminum clad

sheet.

Fittings and Splices

Bathtub type machined fittings are used at most main joints
in the airframe to transmit stringer and cap axial loads. Shear

loads are generally taken out at major joints with large doublers.

Orbiter Adapter Attachment Structure

~Twelve hardpoints are located on the wing center box lower
surface to pick up the payload adapter. Each hawvdpoint is
located at a wing beam/ main rib intersection at four main rib

stations. Refer to Fig. 2 on the following page. Each hardpoint
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B. AIRCLAFT STRESS ANALYSIS
PAYLOAD SUPPORT GEOMETRLRY AND LOADS

HAeD POINT #3
CLUSTER OF 4 BATHTUB FITTINGS (TYP) 12 PLACES

AILPLANE
/ o/ 1\ 2/ AFT SPAR.
( N
’ I Il
I}l Il
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WS432L WS |92L WSI222 WS 432K
MAIN RI& MAIN RIS B B zg&?&’ MAIN RIS WD

VIEW LOOKING UP AT WING BOX
LOWEER SURFACE

ASSUMPTION S L

l. THE FORWARD AND DOWN COMPONENTS OF
THE. PAYLOAD WILL BE TRANSMITTED TO THE
WING CENTER BOX AT TWELVE IHARD POINTS
POSITIONED AS SHOWN ABOVE,

2. FORE £ AFT LOADS WiLL GO INTO THE MAIN RIBS
AS SKERR AND THE VEETICAL LOADSWIL.L. GQ DIRECTLY
INTO THE SPARS

3. THE FITTINGS AT EACH HARD POINT WiLL BE
FLUSH BATHTUBS WITH TENSION BoLTS PICLING
UP THE PAYLOAD ADAPTOL STRULTULE . THE
BATHTVUSS WILL ATTAWH DIRECTLY To THE BEAMS
AND MAIN RIBS WITH SHEAR TIES (4 F/TTINGS/HAeo PT)
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B Aircraft Stress Analysis

Orbiter Adapter Attachment Structure (continued)

has a cluster of four bathtub fittings and barrel nuts to receive
the tension bolts that tie the adapter to the wing. Bending loads
go directly into the spars and fore and aft shear is taken by

the four main ribs.

Miscellaneous Equipment Required to Carry Orbiter

We are assuming that the design and manufacturing of this
equipment will be the responsibility of NASA and/or the prime
contractor of the Orbiter Program. However, we would provide

interfacing engineering coordination.

Generally, this equipment consists of a system that secures
the Orbiter in flight and provides for in-flight release. Various
‘concepts are being evaluated at this time. They include electro-

mechanical,hydro-mechanical and explosive schemes.

In determining the optimum approach, consideration should be
given to reliability, Maintainability, simplicity, cost and other
trade-offs. The system must be capable of loading and unloading
the Orbiter on the airstrip in a single and expeditious manner.
Cockpit monitoring would be a part of the system including warning
lighté. The locking mechanism must be positive and fail safe.
Monitoring provisions must also route to the Orbiter flight station.
Fig. 1, Page shows a schematic of a truss type arrangement for

Orbiter suspension.
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C. AERODYNAMICS, PERFORMANCE AND SPECIFICATION ANALYSIS

The aerodynamic..characteristics of the Virtus airplane are the
results of a compromise with manufacturing cost, produceability,
aerodynamic cleanliness and state-of-art technology within a given

per formance envelope.

The Virtus is a high wing, very large special purpose airplane with
performance characteristics in the C5A and Super Guppy regime., It is a
twin fuselage, twin boom and twin vertical tail configured airplane, The

payload is externally supported below the center wing between the fuselages,

Proper consideration was given to aerodynamic cleanliness, Fillets
are employed at external surface intersections., The surfaces are liberally
faired where required. Flush riveting is employed throughout the external
surfaces and the leading edges of all external doublers are feathéred.

The large payloa& adapter truss members will be aerodynamically faired

as required to minimize parasitic drag.

The wing employs a NASA GA(W)-1 constant section airfoil. It has
zero sweep, zero twist, a 450 ft, span and a 50 ft, chord with an aspect
ratio of 9:1, The wing includes a partial span 30% Fowler flap, Spoilers
span over 270 ft, of the wing and are used in conjunction with the aileron
to optimise roll control effectivity and to provide glide slope control,
The wing is placed high for good 1ift distribution and to facilitate good
stall characteristics, Special attention was given to the wing tip
design to maximize the sub sonic efficiency of the 9:1 aspect ratio wing,
The engines are located in a manner that places the air intake outside of

the boundary layer of the wing.
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C. Aerodynamics, Performance and Specification Analysis (continued)

The twin vertical tail was selected to accomodate the twin fuselage

concept with an optimum structural interface., The efficiency of the
horizontal tail is increased due to the end plate effects of the twin
verticals. This reduces the horizontal tail area requirement, Highly
located booms support the empennage in a position that lends itself to
efficient tail surface control. The fuselage configuration provides
structural carry through for the booms and employs readily available

airframe sections and equipment,

The performance envelope for the Virtus airplane provides the
various capabilities described below:
At the gross weight condition (850,000 lbs) the maximum true

airspeed is 276 mph (240 kts) and the maximum rate of climb

is 1100 fpm.

With the four Pratt and Whitney JT9D turbo fan engines providing
160,000 1b, thrust (derated) it is estimated that the Virtus can take
off in 5900 ft, and clear an obstacle of 50 ft, This is at sea level on

a standard day with a8 maximum gross of 800,000 1lb.

The service ceiling with an Orbiter payload is 35,000 ft., The
cruising speed at 35,000 ft is calculated at 276 mph., (240 kts). The
maximum‘range with an Orbiter payload and 2 hrs, fuel reserve is 2800

miles,

Representative performance curves are presented on the following

three pages.




rd

e

RO+ B C

L7z

A A PN

Page 2ad

Model: Virtus
Rep: T 2

v

gz

2S5

e

T A

K A A A A 4




CR D 7/;;’6-'2567'/9_?&/?50 IR AT APt A oo e

ZHA7? =4 //‘<fb4 LEpEL — LA TANLBHEYL L2

wezeo ”

Y7~ 4

ww \

WWW&@/@//WWHM(M[«@)

2D
75 /ﬂﬂ /fﬁ' w ,45 ZM % / Z/j fﬂﬁ _)/Z 5
L U AAENXED, o o B ooy
7 /ﬁ//zw iy P Vs 2R e Ay v Fo

0 2
wf/m/ I

A 2AT 2T ()

27

:day
SN3IATA :]9POK W/ a3eg

¢ 1L



TR LI 72N G T2 AAIAUATE P T APttt
M PELRTY S AT RTZTAES f Iy ZRPA )

4

7 4

P2

7

LR Stzaner Ly

Z1.

/
FV#

- » —_ - — — — 35600
BT gV R Y b W D ) 4R ) G ) .
¥ 74 - o on
W W B PO W BV M AV W S W 50 Te%
- <t T Femsnrizs/ N:%
7 AN

Esh 4per sarlise cninaniritar



PREPARED ufﬁ " . PAGE
4-11-74 |Consulting Aerospace Engineers, Inc.

CHECKED TITLE MODEL VIRTUS

pr—— IIT ENGINEERING STUDY B2 -

D STABILITY AND CONTROL ANALYSIS

Longitudinal, directional and lateral stability of the Virtus has
been investigated. Control effectiveness was also studied. The
longitudinal center of gravity limits are established as 34.6 to 38.7 percent
mean aerodynamic chord. Further it was determined that the Orbiter payload

had negligible effect on the Virtus stability.

Static directional stability (rudder fixed) was found to comply with
requirements determined by Perkins & Hage. Rudder power was found to

be sufficient for the critical engine out condition, with full power.

The helix angle for lateral control compared favorably with the
Perkins and Hage established criteria for aircraft of equivalent

requirements.

Water ballast will be employed if required to adjust C.G. limits

for certain payload conditions.
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E, WEIGHT ANALYSIS

The results of a preliminary weight analysis for the zero fuel
condition are summarized on the following pages. Also included is a

Major Assembly Weight Breakdown for manufacturing information,
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E, WEIGHT ANALYSIS (CONTINUED)
WEIGHT SUMMARY AND HORIZONTAL GG. CALCULATION
ZERO FUEL CONDITION
ARM
FROM WING L.E,
ITEM WEIGHT (FEET) MOMENT
WING
Box 138510
Flaps 3640
Ailerons 1764
Spoilers 2240
* Systems & Misc, 9446
155600 17.5 2723000
HORIZONTAL TAIL
Box 13883
Elevator 1401
* Systems & Misc, 507
15791 158 2494978
VERTICAL TAILS
Box 11057
Rudders 1332
* Systems & Misc, 333 :
12722 160 2035520
FUSELAGE
Forward Section 27920
* Systems & Misc, 18194
46114 -27 -1245078
Fuselage Pylons 30394
* Systems & Misc, 3000
33394 19 634486
Booms 31604
* Systems & Misc, 3160
34764 86 2989704

* NOTE: Systems & Misc. includes controls, fuel & hydraulic systems & fittings
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E, WEIGHT ANALYSIS (CONTINUED)

WEIGHT SUMMARY AND HORIZONTAL GG, CALCULATION
ZERO FUEL CONDITION
ARM
FROM WING L,.E,

ITEM WEIGHT (FEET) MOMENT

Engines & Pylons 40000 -10 -400000

LANDING GEAR

Fwd 11000 -39 =429000

Aft 22000 31 682000

Totals 371385 9485610

CG @ 25,5 ft, (517.)
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F CONTROL SYSTEM

The Bertea Corporation, Irvine, California, performed a preliminary
study of the Virtus Flight Control System requirements. The results of

this study are presented on the following pages.




BERTEA

18001 VON KARMAN AVENUE, IRVINE, CALIF 92664 - PHONE (714) 833-1424

28 March 1974
MMKD:3281

Turbo Three Corporation
P. O. Box F
Goleta, Califomia 93017

Attention: Mr. J. M. Conroy, President

Subject: NASA Space Shuttle Orbiter Transporter Development
Program - Virtus Aircraft

Reference: (1) Mr. J. M. Conroy ~ Turbo Three Corporation, Santa
Barbara, California
(2) Mr. A. M. Kaplan - Consulting Aerospace Engineers,
Inc., Burbank, California
(3) Bertea Quote No. 3-13-N4

Gentlemen:

In confirmation of our mutually expressed interest, should the Turbo Three Corporation
receive a NASA contract for the manufacture of the aircraft required for the subject
Orbiter Transporter Program, the Bertea Corporation herein offers its technical and
manufacturing services as the preselected subcontractor for the design, development
and supply of all of the electrohydraulic powered flight control equipment requirements
that will be proposed to this subject aircraft program.

In addition, we would assist CAE in the selection of an autopilot manufacturer and
work with this supplier in establishing the necessary interface requirements between our
two subsystems.

We would further offer our assistance in either the supply or selection of the additional
utility hydraulic components, modules and actuators that will be a part of the aircraft's
various systems and subsystems.

We will assure your organization that your program will be totally supported with all
the assistance and talents at the disposal of Bertea Corporation to insure the success of
your aircraft program objectives.
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Should the intent of our proposed offer meet with your understanding and approval, we
should like the opportunity to further discuss a mutual agreement that will define the
required scope of work and to negotiate the necessary dollars to accomplish the task.

We wish you success in the outcome of your feasibility study proposal to NASA and

will look forward to working with your company in the development of the Virtus
Airplane,

Sincerely,
BERTEA CORPORATION

ﬂref &), e

D. E. Willidms
Marketing
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FLIGHT CONTROL ACTUATION SYSTEM
FOR ORBITER TRANSPORT AIRCRAFT

Two basic concepts are provided for consideration for the subject
flight control actuation system.

An actuator schematic and system schematic are attached for a fly-
by-wire flight control actuation system. This system, in order

to be fail operative would require a minimum of two active
actuation channels per axis and an electronic failure detection
and correction "black box". The purpose of the failure detection
and correction system would be to monitor the "inflight" per-
formance status of the active channels and to compare them with a
passive electronic analog channel. In the event of a failure of
either of the two active channels, annunciation would be provided
to the flight in the form of warning lights. The action of the
flight crew would be to shut down the failed channel. In the case
of the horizontal control axis, four active channels would be
available and the system would be fail operation - fail operational -
fail safe. Since a failure in the aileron or rudder control axes
would not necessarily be flight critical, the proposed fly-by-wire
concept could be considered certifiable.

In the event that the fly-by-wire system were not acceptable, a
conventional hydromechanical powered flight control system is shown
in the second attachment. This system uses an electrical pilot
assist servo in each axis with a conventional mechanical cable and
push rod backup. The pilot assist servo could be either single or
dual channel and would be a relatively simple electrohydraulic
position servo system that would function as a parallel actuator

in conjunction with the feel and centering springs for each axis.
These servos could also function as the autopilot servo actuators.
In the event of failure of the pilot assist servos, they could be
deactivated and the surface control actuators could be operated
through the cable system. The flight control surface actuators shown
schematically in the attachment are conventional dual tandem hydro-
mechanical position servos and are typical of the actuation systems
used on all current military and commercial flight controls.
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G, DEVELOPMENT TESTING

Every effort will be wmade to substantiate the structural elements
of the vehicle by analysis., In those cases where it is deemed necessary
to confirm analysis with subsequent testing it will be done, These
selected assemblies will be static tested as required, It is believed
that the conventional Virtus airframe structure will minimize the

testing requirements,

Critical panels and certain major joints will be static.tested to

confirm ultimate load capability. Examples of these are as follows:

1, The fuselage pylon panels at the wing interface

2, The boom to pylon joint

3. The boom to empennage joint
Partial assemblies will be built and used as test articles for this category
of teating, The Boeing drop test will be accepted for landing gear
verification, The airplane will be designed fail-safe thereby precluding

all fatigue cycling test requirements on structural members.

In arriving at test loads aeroelastic effects of the structure
will be considered, Allowable load values will be derived from MIL
HDBK 5, CAE Stress Memos and applicable agency technical memoranda
as required. To confirm analysis and static test results it is planned to
install a network of ltraip gauge instrumentation throughout the first
airplane, Flight data will be acquired in this manner for the critical

areas,

Proof and operational testing of major mechanical systems will also

be part of the program. In the case of the control system ituwill involve
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G. Development Testing (Continued)

electro mechanical components, hydraulic systems and redundancy verification,

Without a hangar large enough to accomodate the Virtus for ground
vibration testing, the test must be performed outdoors, Not including
control surface modes, approximately ten symmetric modes and ten
antisymmetric modes should be measured for the empty and full fuel

configurations,

Two methods will be employed for obtaining vibration mode data, In
both cases, the flight flutter test instrumentation system will be used
to record motion and strain data for the aircraft, The first method will
require a drop test or similar means of impulse type excitation so that
Fast Fourier Transform Analyses of the‘recorded data will provide
frequencies of the excited modes, Further Fourier Analyses to obtain
better mode shape data will be performed once the natural frequencies
are determined satisfactorily, The second method will be conventional
excitation by electromagnetic shakers located at the wing tips and the
aft sections, Mode shape data will be obtained atéesonances and the
shaker locations will verify the effectiveness of vane excitation to be

used for flight flutter testing,

It is recommended that a limited ground vibration test of the Virtus
with Orbiter be considered to verify analytical predictions prior to first

flightd

Flight flutter testing will be performed for the required altitude-
speed regime utilizing oscillatory aerodynamic vane type excitation on

the wing tips and empennage, It is assumed that this system will be GFE,

- i 741 it s A—————— < v &S
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G, Development Testingﬁ(Continued)

The instrumentation system to be used for determination of mode shapes

will include strain measurement, as well as accelerometers and/or velocity

pickups,




ASSESSMENT OF FACILITY AND MANUFACTURING REQUIREMENTS
FOR A DESIGN AND MANUFACTURING TEAM TO

ECONOMICALLY PRODUCE THE PROPOSED AIRCRAFT

The entire management and engineering team, which was responsible for the development of the
Pregnant Guppy and the Super Guppy, and which subsequently had the responsibility for the develop-
ment of the Mini Guppy and an out-sized version of the Canadair CL-44, is still available for the new
task of producing the Virtus. All members of this team have been consulted and have contributed to
this study. It is the unanimous opinion of the members of this team that the location for the manu-
facture of the Virtus should be at a site along the southern California coastal area. This opinion has
been dictated for several reasons:

1. Climate—Construction, and utilization of construction facilities as an operational maintenance
base, will be semi out-of-doors operations. Therefore, various expansion coefficients between fixtures
and construction materials and climatic working conditions are quite important factors requiring con-
sideration. Consequently, southern California coastal temperate climate is considered to be highly
desirable and cannot be equaled at any other area in the country.

2. Proximity of aerospace suppliers—The southern California area is well known for its concen-
tration of aerospace industries. No other locale in the United States can provide, within a 200 mile
radius, the reservoir of aircraft engineering and manufacturing personnel. Within this same area can
be found the majority of industry sources of supplies and components necessary for the construction
of the Virtus. The concentration and proximity of these suppliers becomes more vitally important
when consideration is given to the time schedule required for the construction of this aircraft.

We are familiar with all of the airports in the southern California coastal area and, as a part of
this study, have visited those which we consider to be suitable for the construction and maintenance
of the Virtus. Our choices are listed below in order of preference:

1. Oxnard Air Force Base, Oxnard, California.

2. Pt. Mugu Naval Air Station, Oxnard, California.

3. Miramar Nava! Air Station, San Diego, California.

4. Brown Field, San Diego, California.

5. Santa Barbara Airport, Santa Barbara, California.

Oxnard Air Force Base, our first choice, has been closed and is presently inactive. It is expected
that it will soon be turned over to Ventura County, at which time it should become available for
commercial operatidns. There is a possibility of litigation ensuing from a local community, however,
this matter will either be resolved by agreement within a short period of time or, if litigation does

ensue, we would forget this location.

continued.



Pt. Magu Naval Air Station is located only a few miles from Oxnard Air Force Base and is also an
ideal location for this project. Both of these locations are less than an hour’s driving time from the San
Fernando Valley, which would provide an exceflent labor poo! and source of supplies. Both are less
than 20 minutes flying time from Palmdale Air Force Base, the Orbiter assembly site. We believe that it
would be feasible to construct a facility on an unused portion of Pt. Mugu Naval Air Station, or on
private property adjacent to the base with access to the runway. The limited type of operation should
present no conflict with Naval operations and there are many precedents for this type of military/
civil joint-user facilities. The Navy should support the Virtus program because they are certain to have
requirements for an aircraft with this capability (i.e., submarine rescue craft, parts for disabled vessels,
aircraft, and helicopters).

Miramar Naval Air Station presents the same joint-user potential as described for Pt. Mugu
Naval Air Station.

Both Miramar and Brown Field are located approximately 30 minutes’ driving time from San
Diego. San Diego also provides an excellent source of aerospace labor and suppliers and ideal climatic
conditions. .

Santa Barbara’s major asset is the existence of the Aero Spacelines hangars, which are unused
at the present time. These hangars, however, would not be large enough for final assembly and this,
coupled with a shortage of available, skilled aerospace labor, has caused us to list this as the last
choice of our selections.

We believe that the most economical approach to a facility would be to build one designed for
Virtus construction. At first, this might appear to be a costly approach, to amortize perhaps 75% of
a facility cost in the construction of only 2 aircraft. It makes economic sense, however, when considera-
tion is given not only to the lease cost of an existing facility but, also, to the money which could be
saved during the course of construction of the 2 aircraft by using a facility designed specifically for the
purpose. The facility would then serve as a maintenance base for the aircraft, which we prognosticate
will be in use for 25 years. .

Our construction concept envisions approximately half of the aircraft to be manufactured by sub-
contractors. This approach, by reducing in-house manufacturing and thereby minimizing organiza-
tional build-up, along with the use of B-52 and other ‘off-the-shelf’ components, we believe is the
secret of being able to produce the first aircraft in two years from go-ahead. The following page de-
picts a blow-up drawing of the aircraft and its components showing those planned for sub-contracting.
The majority of these components are simple structures, which qualified sub-contractors should have
no problems in producing within the required time limits. We would plan utilizing a leased, corporate,
twin engined aircraft to provide regular monitoring of sub-contractor progress by our engineering and
manufacturing specialists. This would assure us of proper inter-facing quality control, as well as
schedule adherence. In the event a sub-contractor is deficient in either of these areas and was unwilling,
or unable, to take corrective action, we would reserve the right to remove the hardware, including
tooling, and either complete the manufacturing of the part in-house, or assign it to another sub-
contractor. The major components, including the tail booms and vertical and horizontal stabilizers,
would have full time surveillance by our engineering and production specialists.

The following pages also depict concepts for a facility and methods of construction and
assembly.







































ESTIMATED AMOUNT OF
GOVERNMENT FURNISHED EQUIPMENT REQUIRED

The primary area in which government furnished equipment (GFE) might be of benefit to the
program would be in the area of ground and flight test equipment and instrumentation. This would
include shaking and vibration equipment and telemetering instrumentation for the flight test program.
There is also the possibility, depending upon how the aircraft would be built and financed, of using
GFE power plants. We are also assuming that the government would wish to furnish the fuel for the

aircraft operations.



EQUIPMENT OR STRUCTURE REQUIRED TO CARRY THE
ORBITER, EXTERNAL TANK OR SOLID ROCKET BOOSTER COMPONENTS

In preliminary discussions with Rockwell International Space Division personnel; we determined
that perhaps the best method of holding the Orbiter for air drop missions, would be at the four lifting
hard points located on the sides of the Orbiter fuselage. The use of these hard points, even though addi-
tional beef-up might be required at these locations in order to sustain flight loads, would minimize
engineering and manufacturing requirements for the Orbiter manufacturer. The Orbiter would be
separated from the holding structure by some method, which has been proven to be successful through
actual flight experience, such as that used on the X-15. A second concept could be designed for the
transportation phase of the program as compared to the drop missions. This concept would be two
large trusses, designed with an aerodynamic exterior configuration, extending between the B-52 fuse-
lages. The Orbiter could be positioned under the Virtus and these trusses would be raised into a posi-
tion for attachment to the Orbiter external tank hard points and then raised for attachment to the
B-52 fuselages. This would enable the transportation to be accomplished without additional beef-up
to the Orbiter lifting points. The Orbiter to be used for the approach and landing tests, upon com-
pletion of those tests could have removed, during refurbishing, any additional' scar weight caused by
the lifting point beef-up. '

The following page provides artist’s sketches of these two concepts.

The cargo pod, shown in the artist’s painting in the front of this presentation, would be designed
to accommodate the external fuel tank, solid rocket booster components, and other outsize cargo.
Following in this section is a drawing showing approximate dimensions of the pod. |
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COST AND SCHEDULES REQUIRED
FOR DEVELOPMENT, TEST, AND PRODUCTION

The following pages contain estimated cost breakdowns for the development, production, and
testing of two Virtus aircraft. These cost estimates were developed by dividing the aircraft into seg-
ments, as shown by the exploded view on the following page. We then estimated the cost of construc-
tion of each of these segments by man-hours, material, and weight. In addition, we have estimated
the cost of facilities, tooling, fixtures, etc. The final figure includes the assembly of the Virtus seg-
ments and ground and flight testing. Our estimated cost for two aircraft totals $31,995,000. To this,
we would add $3,005,000 to cover contingencies and items which may have been overlooked in this
brief study. This brings our total estimated cost for two aircraft to $35,000,000. It should be noted
that this figure does not consider profit, nor does it include power plants, as these may be govern-
ment furnished equipment (C-5A units), or leased power packages.

We have met with Pratt & Whitney personnel and they have advised that they would be
pleased to enter into a lease or lease-purchase agreement, wherein they would furnish us with complete
JT9D engine power packages. This arrangement would provide us with JT9D-7 engines, having a take-
off thrust rating of 45,500 pounds, which is approximately fourteen percent higher thrust than that
used in our aerodynamic performance estimates. This lease arrangement would also include complete
support in the form of any parts or maintenance required on the engines, exclusive of routine opera-
tional maintenance. They would supply our maintenance facility with those spares which they felt
necessary to provide this support.

We realize that these cost estimates will appear to be unreasonably low to most, however, our
experience over the past twelve years, commencing with the construction of the Pregnant Guppy, has
enabled us to develop a prototype manufacturing approach, which allows us to keep our man-hours
and costs at a fraction of those of major aerospace manufacturers.

Cost estimates were prepared by Messrs. R. W. Lillibridge and H. L. Gallaher. Mr. Lillibridge
was in charge of engineering and manufacturing of the Pregnant Guppy, Super Guppy, Mini Guppy,
Commercial Super Guppies and our outsized version of the Canadair CL-44. During the same period
of time, he was also in charge of turbo-prop conversion of three piston-powered aircraft. With the
exception of the Super Guppy and two of the turbo-prop conversions, these were all F.A.A. certifi-
cated aircraft. Mr. Gallaher, for many years, was in charge of aircraft modification and overhaul for
On Mark Engineering, Pacific Airmotive Corporation and, more recently, with American }et Industries.
These two men, with a combined total of more than sixty yearsin the industry, in our opinion pro-
bably have as much expertise in the areas necessary for performing time and cost estimates for this
type of program, as any two experts that could be found in this country. In the preparation of these
estimates, realizing they might have to live with their numbers, we believe, if anything, these gentlemen
have leaned slightly toward the conservative side.

Following the cost break-down is an engineering and production schedule. As with our cost esti-
mate, we are certain that many people will consider this schedule to be impossible. About all we can
say in attempting to support the credibility of our estimates is that we, the same people who have pre-
pared this study, were told that our Guppy scheduling estimates were also impossible. We would like to
remind those who doubt that we could have an aircraft operational by the first of 1977, that we
constructed and flew the Super Guppy in eight months and the MiniGuppy in five and one half months.
This included engineering time and was without the benefit of outside sub-contracting of manufacturing,
as we propose for the Virtus. We estimate a total of 27 months from go-ahead to acceptance for opera-
tions for the first aircraft. If we were to go ahead by 1 June 1974, we wouid have the luxury of 4
x months cushion.in order to meet a target date of 1 January 1977.



ESTIMATED DOLLARS REQUIRED FOR FACILITY AND OTHER COSTS
OTHER THAN PRODUCTION AND PRODUCTION SUPPORT
WHICH ARE INCLUDED IN
BASIC LABOR RATE

ENGINEERING 147,000 hours @ $17.00 per hour
ENGINEERING SYSTEMS Outside purchase, including hardware
PROCURE B-52's AND 6 each @ $10,000 plus disassenbly and
TRANSPORTATION transportation @ $20,000

FACILITY LEASE 36 months @ $34,750 per month

SCAFFOLDING AND

SPECIAL HANDLING Scaffolding, cradles, slings, rollers,
EQUIPMENT dollies, etec.

STANDARD TOOLS Shears, breaks, drill presses, tool crib,
AND EQUIPMENT trucks, compressors, etc.

SPECIAL EQUIPMENT Spot welders, forming rolls, presses, etc,
JIGS AND FIXTURES Drill fixtures, welding and assembly fixtures
TEST PROGRAM 100 hours @ $2,000 per hour plus

$50,000 instrumentation

INSURANCE 2% of $20,000,000

TOTAL FOR FACILITIES AND OTHER

$2,500,000

500,000

180,000

1,250,000

1,000,000

500, 000
200,000

500,000

250,000

400,000

$7,280,000
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FACILITIES AND OTHER,
LABOR, AND MATERTAL

(By Aircraft)

Cost
Item . Per First Second
No. Description Weight X Pound Alrcraft Aircraft

3 Pylon Superstructure 33,400 @ $67.73 $ 2,262,182
@ 61.28 $ 2,046,752

4 Pylon Forward Fairing 1,400 @ 67.73 94,822
. @ 61.28 85,792

5 Pylon Rear Fairing 2,400 @ 67.73 162,552
@ 61,28 | 147,072
6  Wing, Center Section 4,700 @  67.73 3,027,531 |
@ 61.28 2,739,216

7 Wing, Outer Panel 78,000 @ 67.73 5,282,940
@ 61.28 4,779,840

g  Wing, Tip 5,000 @ 67.73 338,650
@ 61.28 306,400

9 Aileron 1,760 @ 67.73 119,204
@ 61.28 107,852

10 Aileron Tab 200 @ 67.73 13,546
@ 61.28 12,256

11 Wing Flap, Outboard 2,400 @ 67.73 162,552
@ 61.28 147,072

12 Wing Flap, Center 1,200 @ 67.73 81,276
@ 61.28 : 73,536

13 Wing Spoilers, Outboard 1,200 @ 67.73 81,276
@ 61.28 73,536

14 Wing Spoilers, Center 1,000 @ 67.73 67,730
@ 61.28 61,280

15 Boom 34,800 @ 67.73 2,357,004
@ 61.28 2,132,544

16 Vertical Stablilizer 9,160 @ 67.73 620,406
@ 61.28 561, 324

17 Rudder : 1,800 @ 67.73 121,914
: @ 61.28 110, 304



FACILITIES AND OTHER, LABOR,AND MATERIAL (cont'd)

Ttem
No.

18
19
20
21
22
23
24
25
26
27
28

29

Descrigtion
Rudder Tab

Vertical Stabilizer Tip

Horizontal Stabilizer

Elevator

Elevator Trim Tab

Wing, Leading Edge, Outboard

Wing, Leading Edge, L/R, Center

Wing, Leading Edge, Center

Wing, Trailing Edge, Outboard

Wing, Trailing Edge, Center, L/R

Wing, Trailing Edge, Center

Pylon, Engine

Weight

200

500

15,000

1,010

150

1,400

800

800

2,600

1,600

1,600

4,000

®® ®® ®® ®® ®® ®® @ ® o ® ® [ORCE T

® ®®

Cost

Per First
Pound Aireraft
$67.73 3 13,546
61.28

67,73 33,865
61.28

67.73 1,015,950
61.28

67.73 68,407
61.28

67.73 10,159
61.28

67.73 94,822
61.28

67.73 54,184
61,28

67.73 54,184
61.28

67.73 176,098
61.28

67.73 108,368
61.28

67.73 108,368
' 61.28

67.73 270,920
61.28

$

Second
Aircraft

12,256

30,640

919,200

61,892

9,192

85,792

49,024

49,024

159,328

98,048

98,048

245,120



MATERTAL COST
(Analysis by Weight - 1 Aircraft)

AMreraft Empty Weight
Ttem 1:

B-52 fuselages and gear

2 each @ 23,300 1bs. 46,600 1bs.
Item 2:

B-52 landing gear

4 each @ 7,800 1bs, 31,200 1bs.
Item 29:

Engines

4 each @ 9,000 1bs. 36,000 1bs.

NEW MANUFACTURED WEIGHT

Weight Distribution
Basic structure - 67% =

Surfaces and systems - 33% =

166,000 1bs. @ $5.00 per 1b.

82,000 1bs. @ $20.00 per 1b.

MATERIAL COST - PER AIRCRAFT

362,000 1bs.

-113,800 1bs.

248,200 1bs.

166,000 1bs.

82,000 1bs.

$ 830,000

1,640,000

$2,470,000



Ttem
No.

10

11

12

13

14

15

16

17

18

19

20

Descrigtion

Pylon Superstructure

Pylon Forward Fairing
Pylon Rear Fairing

Wing, Center Section
Wing, Outer Panel

Wing, Tip

Aileron

Aileron Tab

Wing Flap, Outboard
Wing Flap, Center

Wing Spoilers, Outboard
Wing Spoilers, Center
Boom

Vertical Stabilizer
Rudder

Rudder Tab

Vertical Stabilizer Tip

Horizontal Stebilizer

MATERIAL FOR ONE AIRCRAFT

Weight

and Cost/Weight and Cost

Cost Per Item

22,200

1,400
2,400

29,800

52,000

5,000

1,172

132

1,600

800

800

666

23,200

6,106

1,200

132

332

10,000

@

$5.00

$5.00
$5.00

$5.00
$5.00

$5.00

$5.00
$5.00
$5.00
$5.00
$5.00
$5.00
$5.00
$5.00
$5.00
$5.00
$5.00

$5.00

11,100 @ $20.00

26,000 @

586 @
66 @
800 @
400 @
400 @
333 @
11,600 @
3,053 @
600 @
66 @
166 @

5,000 @

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$20.00

$ 111,000
222,000

7,000
12,000

149,000
298,000

260,000
520,000

25,000

5,860
11,720

660
1,320

8,000
16,000

4,000
8,000

4,000
8,000

3,330
6,660

116,000
232,000

30,530
61,060

6,000
12,000

660
1,320

1,660
3,320

50,000
100,000



MATERIAL FOR ONE AIRCRAFT (cont'd)

ITtem
No. Descrigtion

21 Elevator

22 Elevator Tab

23 Wing, Leading Edge, Outboard

24 Wing, Leading Edge, L/R, Center
25 Wing, Leading Edge, Center

26 Wing, Trailing Edge, Outboard

27 Wing, Trailing Edge, Center, L/R
28 Wing, Trailing Edge, Center

29 Pylon, Engine

Weight

and Cost/Weight and Cost

Cost Per Item

672

100

932

532

532

1,732

1,066

1,066

2,666

@ $5.00

@ $5.00

@ $5.00

@ $5.00

@ $5.00

@ $5.00

@ $5.00

(G

$5.00

@ $5.00

336 @ $20.00

50 @ $20.00

466 @ $20.00

266 @ $20.00

266 @ $20.00

866 @ $20.00

533 @ $20.00

533 @ $20.00

1,333 @ $20.00

TOTAL MATERIAL COST

$ 3,360
6,720

500
1,000

4,660
9,320

2,660
5,320

2,660
5,320

8,660
17,320

5,330
10,660

2,330
10,660

13,330
26,660

$2,435,570



FIRST AIRCRAFT

1974
1975
1976
Mo.  No.
No.  Men
1 15
2 20
3 25
4 30
5 40
6 50
7 60
g 75
9 90
10 105
11 125
12 150
13 165
14 175
15 180
16 180
17 180
18 180
19 180
20 180
21 180
22 180
23 170
24 155
25 130
26 105
27 80
28 55
29 40
30 35

MAN-LOAD - IN-HOUSE LABOR - 30 MONTHS

JAN FEB MAR APR MAY

60 75 90 105 125
180 180 180 180 170

JUN

150
155

JULY AUG SEP OCT NOV DEC

15 20 25 30 40 50
165 175 180 180 180 180

130 105 80 55 40 35

FIRST AIRCRAFT

In-House labor
Total man months - 3,335
1 man month = 180 hours

Total man-hours - 600,000

SECOND AIRCRAFT

Man-hours 400,000

TOTAL IN-HOUSE

LABOR 1,000,000 hours



PRODUCTION COSTS

IN-HOUSE LABOR (By Man-hour)
First Aircraft

600,000 hours @ $10.00 per hour

3,335 man-months
Second Aircraft

400,000 hours @ $11.00 per hour

2,222 man-months

TOTAL IN-HOUSE LABOR COST

SUB-CONTRACTOR LABOR (By Man-hour - 2 Aircraft)
Contractors' Labor (percentage of total - 43%)

43% of 1,750,000 = 750,000 hours @ $12.50 per hour

PER AIRCRAFT = $4,687,500

" TOTAL LABOR COST - First Aircraft
TOTAL LABOR COST - Second Aircraft

TOTAL - 2 AIRCRAFT

$ 6,000,000

4,400,000

$10,400,000

$ 9,375,000

$10,687,500

9,087,500
$19,775,000



TOTAL COST
PER
MANUFACTURED POUND
(By Aircraft)

FIRST ATRCRAFT

Facilities and other (1/2) $ 3,640,000
Material 2,470,000
In-House labor 6,000,000
Sub-Contractor labor 4,687,500

TOTAL $16,797,500

Weight - New manufacture = 248,000 lbs.

Per pound cost - First Aircraft = $67.73

SECOND ATRCRAFT

Facilities and other (1/2) $ 3,640,000
Material 2,470,000
In-House labor 4,400,000
Sub-Contractor labor 4,687,500

TOTAL $15,197,500

Weight - New manufacture = 248,000 lbs.

Per pound cost - Second Aircraft = $61.28



SUMMARY

Facilities and Other Items $7,280,000

Total Material

(2 aircraft @ $2,470,000) 4,940,000
In-House Labor - First Aircraft 6,000,000
In-House Labor - Second Aircraft 4,400,000
Suk-Contractor Labor v 9,375,000

(2 aireraft @ $4,687,500)

TOTAL PROJECTED COST $31,995,000



| "VIRTUS' CONSTRUCTION SCHEDULE
1974 1975 _ 1976 1977

EVENTS MONTHS | 1 6 7 8 91011 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
N D J F M AMJ J A S ONUDJ F MAM S J A S O N D J F M

1. Engineering ) 1

& : A
2. Facility . r/\j

Construction
3. B-52 Procurement
and Shipment [ ]
4. B-52 Fuselage —
Preparation
5. Tooling and 1 1
Equipment
6. In-House Mfg. L
7. Sub-contracting —3
8. Sub-contract Mfg. =

9, Final Assembly

10. Ground and
Flight Test

11. Cushion

COMPARATIVE CONSTRUCTION} SCHEDULES

1. Pregnant Guppy 18 months* LEGEND

2. Super Guppy 8 months ] Firgt Aircraft 1 R
\

3. Mini Guppy Second Aircraft —

¥Pregnant Guppy stretched out due to lack of funds,




OPERATION AND ESTIMATED OPERATING COST

The operation of the aircraft, whether or not it has received F.A.A. certification, would be con-
ducted under the regulations governing large aircraft, commercial operations. The operation would be
under the surveillance of F.A.A. Air Carrier Operations and Maintenance Personnel. This is similar to
the procedure followed in the operation of the Super Guppy, which while not a certificated aircraft, was
constantly monitored by the F.A.A.

The aircraft operations would be scheduled and controlled by NASA Headquarters or a designated
center.

We estimate the operating cost of the aircraft would be approximately $1,000 per hour plus fuel,
and not considering depreciation. With an estimated block speed of 275 miles per hour this comes to
$3.63 per mile, plus approximately 4,000 gallons of jet fuel per flight hour.



CONCLUSION

The results of this study and that performed by Langley Research Center, we feel provide conclu-
sive evidence as to the technical feasibility of the Virtus. This applies, not only for the air drop and
transportation of the Orbiter, but also for the transportation of the external fuel tank and solid rocket
booster cases and segments. The aircraft will also provide airlift capabilities for other NASA and Depart-
ment of Defense outsize items heretofore beyond the hopes of traffic specialists.

We are fully cognizant that the primary questions that will arise in the minds of interested parties
are, “‘Can they do this for the price they are quoting?”’, and ““Can they do this within the time frame
necessary to do the job?”. Naturally, we believe that we can and all that we can do is point to past ac-
complishments. It should be perfectly obvious, however, that the earlier we get started the greater our
chances for success.

We have constructed a one percent scale model of the Virtus (see photos following). This was not a
part of our contract, but we wanted interested parties to be able to make a physical comparison of our
model along side the same scale models of the B-747 and the C-5A. We believe that when this compari-
son is made, the sensible selection of the aircraft to perform the Space Shuttle System Transportation
will be obvious.









The following pages are reprints of various media articles providing background
information on the past accomplishments of the Guppy manufacturing team and
its capabilities.
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CONROY TURBO-THREE OFFERED AS 30-PASSENGER COMMUTER -- Take an aging DC-3 and
hang a pair of Rolls- Royce Dart turboprops on the wings and you have what Jack Conroy calls "A
new dawn for a grand lady." That was three years ago when father of the outsized Guppy missile’
transports completed the Dart conversion on a single airplane. In fact, he didn't get the thing cer~
tificated and he didn't sell any. Now CAB's Bureau of Operating Rights may indeed have given
Conroy's Turbo-Three a new dawn. According to Conroy, the Turbo-Three fits to a tee BOR"s re~
commended 30-passenger, 7,500-pound payload limitations for commuter aircraft in lieu of the cur-
rent 12,500-pound gross weight restriction (BA, April 12/114). .

The only problem, Conroy told BA last week, is the approximately $300,000 it will take to
get the conversion certificated. "I haven't been able to certificate it because | haven't sold any and
I haven't sold any because it% not certificated ." Conroy believes the market is there, however, if CAB
adopts the BOR recommendation. Advantages of the Turbo-Three include its mlhal low cost ==
$350, 000 to $450,000 including airframe -- low operating and maintenance costs and the almost
legendary reputation of the DC-3. "The ride in this airplane is unbelievable. There is no vibration
and the noise level is very low with the engines mounted so far forward," he said.

, Specifics on the airplane cited by Conroy are impressive. He saud the Turbo-Three would
cruise at about 230 miles per hour, compared to about 175 for the standard DC=3. Total per hour
operating cost was listed at $104, or 63 cents per mile over short stage lengths. In comparing oper-
ating costs with other aircraft in the same general class, Conroy said those for the standard DC=3 are
26 per cent higher than the Turbo~-Three and 121 per cent higher for the Convair 340/440 (based on

. ;. 30-passenger loads). He recommends outboard fuel tanks with a 1, 140-gallon capacity, which gives
# the aircraft a 5 1/2-hour range. Inboard tanks could be converted for baggage storage, he added.

Conroy said he was just getting started with the Turbo-Three program when he ran out of money, but

" that the BOR recommendation “has got me excited again.” He plans to fly his prototype, with an

executive interior, to the Reading Air Show in June,

June 10, 1971 - Page 3

IN- FLIGHT REPORT: TURBO-THREE PROP-JET ~- How many transport-type pilots could
crawl into a turboprop DC-3 and find themselves operating familiar engines on a strayg alrframe?
Well reluctantly I must admit to being the new breed of heavy-airplane pilot who has ??“ er
ﬂown a DC-3--a situation probably near impossible to find a few years ago. °‘*

~Jack Conroy's Turbo-Three, a Rolls Royce Dart-powered "commuter airliner" (‘right
after government authorities amend current commuter restrictions, that is--an occurence that's
expected shortly) will hopefully go into certification tests soon. Except for long-and-thin '
Viscount-type engines and a few minor cockpit panel changes, the airframe is a stralght Douglas
transport (Whoops, it has an executive interior and a picture window). .

The three areas of turbo versus vintage improvement, according to Jack Conroy and
Fish Salmon, are in performance, noise level and operating costs. Let me tell you about the
performance and sound. '

First, cruise speed is upped to 225 mph from what, I am told, was seldom near the
Douglas~planned 170 mph. Rate of climb to 10,000 feet is about 10 minutes. With the right
engine snapped back to flight idle, the Turbo-Three dribbled down to slightly over 120 mph
while we cruised along at 6,500--using no additional t'rlm a moderate amount of left rudder
and a tad of aileron.

There's only one place quieter than the cabin of the Turbo-Three in cruise~-~my living
room, after the kids have gone to bed. Normal conversation is easier aloft in the -Three
than it is in the Reading hangar. Vibration is at fan-jet levels,

Up in the cockpit is another surprise. With all that engine and prop, noise was a little
higher than the cabin--but not much., We used speakers for radio work and carried on conver-
sation in normal human tones while we slid across the Eastern Pennsylvania landscape at a
couple of thousand feet. Except for 14,000 rpm on the tachometers, it was 1938 and Air Mail
Route 21 all over again, -- Thomas H. Block, Contributing Editor, FLYING

























packed into an airliner Conroy had
chartered for the occasion.

By 10:30 a.m. permission had still
not been granted by the FAA. Finally,
a half hour later, a typewritten letter
was delivered to Conroy from the lo-
cal FAA office. It was the green light.
Dorsett had been successful.

Of course, the plane did fly, with
good stability to boot. ““Because of
the lengthened tail moment,” report-
ed Llacy, “the empennage control sur-
faces were 30 percent more efficient
than those of the stock Stratocruiser.
Flight characteristics were better all
around.”

“In fact,” he continued, “our
experience with the plane completely
discredited the existing aeronautical
drag formula. The engineers had
predicted a 40-mph speed loss, but
the aircraft was only five mph slower
than normal.”

When they set the plane down at
Palmdale and disembarked, a TV
reporter stuck a microphone into
Conroy’s face and asked him how the
Pregnant Guppy had responded.

“Why, hell,” the little Irishman re-
plied, “we knew this one would fly.
It's the big one we’re worried about!”

“Oh Gawd,” Lacy groaned under
his breath. Conroy was already think-
ing about a larger airplane.

Sixty hours of FAA-required flight
tests demonstrated the PG to indeed
be a stable aircraft. During a
demonstration to NASA officials at
Huntsville, Alabama, Conroy allowed
Dr. Werner Von Braun to fly the
fully-loaded Guppy from the copilot’s
seat. The scientist had never flown
anything larger than an Aero
Commander, but he did quite well
bringing the plane up to altitude,
whereupon Conroy signaled the flight
engineer to kill engines one and two
while he surreptitiously cranked in
corrective rudder trim. As the power
plants are not directly visible from
the cockpit, Von Braun was unaware
that he was now flying a 133,000-
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pound twin-engine airplane.

Presently, one of Von Braun’s aides,
who was riding in the aft cockpit,
noticed the frozen props and called,
“Professor Von Braun! Professor Von
Braun! Two engines have stopped!”

When Von Braun queried Conroy
about it, Jack deadpanned, “Oh, we
do that all the time to save gas.”

It was a dirty trick to play on the
space program’s leading scientist, but
it adequately demonstrated the mon-
strous plane’s pussy cat tendencies.
The aircraft was immediately pressed
into service hauling S-IV stages and
related components throughout the
country, while Conroy—at Von Braun’s
suggestion—began to explore
possibilities for an even larger air-
plane, the Super Guppy.

This aircraft, also constructed at
Van Nuys under the rickety scaffold-
ing, used one of only two remaining
YC-97]) airframes as a basis. The YC-97)
was a turboprop conversion of the
B-377, powered by four P&W T-34
turbines, each delivering 5700 reliable
little ponies. The plane was designed
to carry the larger S-IVB stage of the
Saturn V launch vehicle, and the ad-
ded fuselage decking increased the
inside diameter of the body to 25 feet
6 inches. A 15-foot center section was
added to the wing (another feat the
engineers said was impossible), and
the fuselage lengthened by 30 feet 10
inches. The rudder/stab was raised
considerably and the horizonal
stab/efevator area increased. Two
hinges were installed on the left side
of the forward fuselage so that the
entire nose section could be swung
aside for loading.

Operating on special FAA permits,
the two planes transported 11 of the
13 major Saturn Apollo components
for 90 percent of the moon program
missions including the command, ser-
vice and lunar modules; the lunar
module adapter; an instrument unit;
the S-IVB stage, and five F-5 engines
for the first stage.

The Super Guppy 201,
powered by Allison turboprops.
Below, where it all started:

the original Pregnant Guppy
makes its first flight on
September 19, 1962.

In terms of volume, the Guppies
are probably the largest aircraft ever
built. If the ends of both PG or SG
fuselages were lopped off, the fuse-
lages of either the C-5A or Boeing 747
could slide right through.

Conroy, by now christened “‘the
man who made ihe guppies preg-
nant,” built two more Guppies, slight-
ly smaller versions called “Minis.”
Then he sold out his stock in Aero-
space lines for more than a million
dollars a few years ago. The first
Mini-Guppy, completed in just six
months, flew to the Paris Air Show
only two hours after its maiden flight.
The second Mini, powered by Allison
501 turboprop engines, crashed during
certification testing at Edwards AFB.

Presently, the PG, SG and MG air-
craft are being operated in various
government and commercial roles by
Aerospace Lines at Santa Barbara. A
commercially certified Super Guppy,
the 201, was recently sold to a Euro-
pean air cargo firm. A second 201 is
under construction.

Since his “retirement” Conroy has
invested his million dollars in several
other projects, including a turboprop
conversion of the DC-3 and another
blown-up cargo plane, this one based
on the Canadair CL-44. At the age of
51 he feels his life is just beginning.
His eyes twinkle like those of a lepre-
chaun when he talks about the thou-
sand and one other ideas that have
spilled from his fertile brain, and the
set of his chin still reveals the cocki-
ness and unabashed self-confidence
known only too well to the govern-
ment agencies he collided with dur-
ing the '60s.

He still laughs about a proposed
superplane he planned to assemble
from parts of the British Saunders-Roe
Princess flying boat. ““The British
thought it was vulgar when we chris-
tened the original B-377 ‘Pregnant
Guppy.’ Man, can you imagine what
they'd say if we unveiled the ‘Preg-
nant Princess?’ " [
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FAA Certificates Conroy’s
Giant CL44 Freight Plane

Certification of the Conroy

outsize CL-44, giant freight -

plane, by the Federal Aviation
Administration = was an-
nounced today by John M.
Conroy, president of the Santa
Barbara-based firm.
Designated the CL-44-0
“Aijrlifter,” the new craft was
awarded supplemental
‘certification following comple-
‘tion of a six-month flight test
program. The certificate -was

awarded at Los Angeles Inter-- -

national Airport Friday after-
noon. .

A modified Canadair CL-44,
the plane is the largest com-
mercial pressurized cargo air-
craft in the free world and is
capable of airlifting 62,500
pounds of cargo, Conroy said.

“Since our first flight in No-
vember, we have received in-
quiries from business firms
and international
seeking to contract for the

services of the aircraft,” he .

reported. “This certification
will enable us to put the air-
craft to work immediately on
a worldwide basis.”
Modificaiton which doubled
the cubic foot capacity of the
original CL-44, increased the
height from six feet, six
- inches to 11 feet, four inches
and the maximum width from
10 feet, six inches to 14 feet.

type -

carriers -

The expanded fuselage,
which has a swing tail to fa-

cilitate loading, will enable
the aircraft to transport lar

Jet_engines, oil drilling -equip-
ment, air frames, space com-
ponents and other ltems
which, because of both size
and weight, cannot be tran-

sported in any other existing
commercial aircraft.

MODIFIED -

Modified by Conroy Aircraft
under the terms of an exclu-
sive licensing agreement with
Canadair, Ltd., Montreal, the
CL-44-0 is the first of a series
of special-purpose cargo air-
craft planned by the com-
pany, Conroy added. The firm
purchased the CL-44 from Fly-
ing Tiger Lines and currently

. holds options for three addi-
. tional CL-44's.

Attending the award cere-
mony -at Los Angeles were
Wayne Hoffman, Flying
Tigers chairman of the board;
Robert Prescott, president;
Conroy; Robert Lillibridge,
Conroy Aircraft vice pres-
ident, engineering and manu-
facturing; Marvin Singleton,
Capital Southwest Corp.,
chairman and president,
Dallas, Tex; Mel Decker,

_ Capital Southwest chairman

of the -executive committee;
and William Gelfand, Flying
Tigers contract administration
vice president. Rocco Lippis
of the FAA Western Regional
office made the award.






